posteromedial tibial plateau when they studied the association of the posterolateral femorotibial compartment and ACL injuries. Two cases of avulsion fracture of the semimembranous tendon insertion site in the posteromedial tibial plateau were found to be associated with ACL tears (16) , and, subsequently, one additional case together with findings of a cadaveric study were reported (17) . The prevalence and mechanism of these injuries have been debated. The frequency of association of ACL tears to posteromedial tibial plateau injuries in the vicinity of the semimembranous tendon insertion, however, has not been emphasized. The purposes of this study were to retrospectively investigate posteromedial tibial plateau injuries of or about the semimembranous tendon insertion site, as seen on MR images, and to evaluate their association with ACL tears.
MATERIALS AND METHODS
A retrospective review of all MR images and conventional radiographs of the knee contained in an MR imaging teaching collection was performed by one author (K.K.C.). All cases that involved an injury of the posteromedial tibial plateau of the semimembranous tendon insertion site, as seen on MR images, were reviewed with another author (D.R.), and a consensus was reached. A total of 10 patients (age range, 16-44 years; average age, 34 years) had evidence of such injuries. Clinical histories, results of physical examination, and treatment strategies were retrospectively reviewed by obtaining the patients' medical records.
MR imaging was performed by using several 1.5-T magnets (Signa, GE Medical Systems, Milwaukee, Wis; Vision, Siemens Medical Systems, Iselin, NJ) with a dedicated extremity coil. Patients were imaged in the conventional supine position. With the four Signa magnets, although pulse sequences varied, in general, the following protocols were used: parasagittal spin-echo (SE) intermediateweighted (2, lack of the normal low-signal-intensity band of the ACL in all three planes; meniscal tear, defined by the presence of high signal intensity extending to the surface of the meniscus; meniscocapsular separation, defined by abnormal high signal intensity separating the meniscus and the adjacent capsule; collateral ligament injury, defined by the presence of high signal intensity in or around the ligament and by disruption of the ligament; lateral tibial plateau fractures; and lateral femoral condylar bone bruises. When available, conventional radiographs of the knee and results of arthroscopy or surgery were reviewed.
RESULTS
All patients had acute injuries to the knee related to a sporting activity (particularly basketball), a fall, or a motor vehicle accident. Physical examination revealed knee pain and swelling in all patients.
Five patients also had a positive anterior drawer sign and six patients had a positive Lachman test result (Table 1) . Five patients, on routine radiographs that had been obtained soon after the injury, had evidence of joint effusion. One patient had a small avulsion fracture of the posteromedial tibial plateau that was seen only on the lateral view (Fig 1a) . No additional abnormalities were identified on plain radiographs. MR images demonstrated more extensive injuries (Table 2 ). In each of the patients who had evidence of injury to the posteromedial tibial plateau, a complete disruption of the ACL was apparent (Fig 2) . The injury to the medial tibial plateau varied slightly. Six patients had injuries of the semimembranous tendon insertion site, including two patients with displaced avulsion fractures, two patients with nondisplaced avulsion fractures, and two patients with bone bruises (Fig 3) . The remaining four patients had injuries that were slightly lateral to the central tendon insertion site, including one patient with a fracture and three patients with bone bruises (Fig 4) . The displaced avulsion fractures of the insertion site of the central tendon of the semimembranous muscle corresponded to the fractures seen on the plain radiographs. None of the patients had semimembranous tendon ruptures or tears. In addition, seven of the 10 patients also had injuries of the posterior horn of the medial meniscus, including five patients with tears and two patients with meniscocapsular separations.
Other abnormalities seen on the MR images included impaction injuries of the lateral femorotibial compartment (ie, contusions of the lateral femoral condyle and of the posterolateral tibial plateau), which were injuries associated with ACL tears (10, 11, 15) and which were seen in six of our patients. Three of the 10 patients also had evidence of the O'Donoghue triad: tears of the ACL, the medial meniscus, and the medial collateral ligament.
Nine patients had arthroscopically or surgically documented ACL tears. Arthroscopy had been performed in seven patients. When noted in the arthroscopic reports, meniscal findings correlated with findings on MR images. The presence of meniscocapsular separations was not noted on the arthroscopic reports. Inspection of the posteromedial corner of the knee with regard to the semimembranous tendon was not accomplished. Six patients subsequently underwent surgical repair of the ACL, and one patient underwent repair of the medial collateral ligament with meniscectomy but without ACL repair. This last patient continued to have pain after the surgery and had progression of symptoms and signs related to the ACL tear, including a positive anterior drawer sign and a positive Lachman test result. Two patients were treated conservatively. Clinical information was unavailable in one patient.
DISCUSSION
Bone abnormalities involving the posteromedial tibial plateau are uncommon. To our knowledge, avulsion fractures of the semimembranous insertion site have been described in only three patients (16, 17) . The frequency of this type of fracture is probably greater, owing to the diagnostic limitations of conventional radiographs in its detection. The fracture is very difficult to detect when the avulsed fragment is not displaced. Even when displaced, a small avulsion fracture can be seen only on the lateral radiograph as a small osseous fragment projecting posterosuperiorly above the tibial plateau.
Unlike posterolateral tibial plateau fractures, which are very often associated with avulsion fractures of the posterior cruciate ligament (18), the 7-shaped contour is not interrupted (Fig 1b) . This 7-shaped line is formed by the posterior aspect of the intercondylar tibial cortex and by the posterior aspect of the tibial spine. When this line is interrupted, an avulsion fracture of the posterior cruciate ligament insertion site is suggested. At MR imaging, an avulsion fracture or a contusion of the posteromedial tibial plateau can be detected easily.
In several large series (4,11,15) of patients with internal derangements of the knee, the incidence of osseous abnormalities of the posteromedial tibial plateau varied from 0% to 40%, although the importance of the lesions was not addressed. Rosen et al (15) noted that among patients who had an ACL injury, 40% also had injuries to the posteromedial tibial plateau, and 5% had injuries to the me- (11) reported a 7% incidence of associated medial tibial plateau occult fracture without any medial femoral condylar injuries in patients with ACL injuries. Thus, the frequency of injuries in this portion of the tibia appears to be higher than once thought. In our 10 patients, an injury to the posteromedial tibial plateau was always associated with an ACL tear. Vanek's (17) cadaveric study findings showed that the ACL was torn before the medial tibial plateau translated anteriorly, which led to a posteromedial tibial plateau fracture. Therefore, the presence of a fracture of the posteromedial tibial plateau appears to be predictive of an associated ACL tear.
The mechanism leading to this type of injury, however, is not clear. Yao and Lee (16) proposed that an avulsion fracture of the semimembranous tendon insertion site is related to external rotation and abduction of the lower leg when the knee is flexed, perhaps because the semimembranous muscle is both a flexor and an internal rotator of the tibia. However, in Vanek's (17) study, fracture of the semimembranous tendon insertion site or of the adjacent tibial plateau was created by applying a varus force to the knee held in 60°-80°of flexion. This resulted in external rotation of the tibia and anterior subluxation of the medial tibial plateau (17) , which produced an impaction injury of the medial tibial plateau.
However, our study findings showed that none of the patients had associated impaction injuries of the medial femoral condyle. Therefore, the posteromedial tibial plateau lesions apparently were not related to a compressive force. Instead of a varus force, we believe that a valgus force applied to the tibia most likely causes external rotation and, possibly, anterior subluxation of the tibia in a mechanism similar to the one that leads to a tear of the ACL (1). We suggest, further, that during this injury, as the ACL is torn, the knee subluxates anteriorly and rotates externally, which produces a torque on the posteromedial aspect of the knee. This may lead to an avulsion fracture or a contusion of the posteromedial tibial plateau.
The semimembranous muscle has a complex insertion site in the posterior aspect of the knee (16, 19) . The central tendon, which is seen at MR imaging as a low-signal-intensity structure, inserts on the infraglenoid tubercle of the posteromedial tibial plateau. In our study, the avulsion fractures occurred at the insertion site of this central tendon. In addition, the semimembranous tendon sends fibers to the posterior capsule, to the posterior horn of the medial meniscus, and to a portion of the capsule that is deep to the medial collateral ligament. Traction on these additional fibers may cause an associated tear of the posterior horn of the medial meniscus, a posterior capsular injury, a meniscocapsular separa- tion, or a combination of these injuries. In all cases, there was no evidence of the semimembranous tendon tear or rupture. The exact reason for the avulsion fracture of the tibia rather than a semimembranous tendon injury presumably relates to the fact that the tendon itself is stronger than its insertion site. Bone injuries in the lateral compartment are well-known ancillary signs of a tear of the ACL. In our study, six of 10 patients had concurrent contusions of the lateral femoral condyle and of the posterolateral tibial plateau. The fact that lateral compartment injuries were so closely associated with injury to the posteromedial tibial plateau leads us to suggest that when the ACL is torn, the resultant rotary instability causes both traction to be applied to the medial aspect of the knee and impaction of its lateral aspect. As a result, injuries occur to both the medial tibial plateau and the lateral femorotibial compartment.
There are some limitations to the study. All cases were selected from a teaching file, which probably led to a selection bias. Although our review suggests a definite relationship between posteromedial tibial plateau injury and ACL injury, we did not determine the specificity of the plateau injury with regard to the ACL injury. Furthermore, we did not study the frequency of injury in and around the semimembranous tendon insertion site in patients with ACL injury.
In addition, the small number of cases prevented statistical analysis. Most of the cases did not have conventional radiographic correlation. Furthermore, MR imaging protocols were not uniform. Small, nondisplaced fractures may be missed on MR images and interpreted as only bone marrow edema. Some of these osseous lesions at the posteromedial aspect of the tibia may also be caused by impaction injuries rather than by avulsion injuries. Owing to the retrospective nature of the study, arthroscopic data were limited, particularly with regard to the presence of meniscocapsular separation or small fractures in the posteromedial corner of the knee.
In summary, our data, derived from an analysis of information from 10 patients, indicate that a fracture of the posteromedial tibial plateau is predictive of an associated ACL tear, although the mechanism leading to this type of bone injury is not clear.
